The vitamin D-dependent intestinal calcium binding protein (ICaBP, 9 kDa) is under transcriptional regulation by 1,25-dihydroxyvitamin D3 [1, 2D3], the hormonal active form of the vitamin. To study the mechanism of gene regulation by 1,25-(OH)2D3, we isolated the rat ICaBP gene by using a cDNA probe. Its nucleotide sequence revealed 3 exons separated by 2 introns within -3 kilobases. The first exon represents only noncoding sequences, while the second and third encode the two calcium binding domains of the protein. The gene contains a 15-base-pair imperfect palindrome in the first intron that shows high homology to the estrogen-responsive element. This sequence may represent the vitamin D-responsive element involved in the regulation of the ICaBP gene. The second intron shows an 84-base-pair-long simple nucleotide repeat that implicates Z-DNA formation. Genomic Southern analysis shows that the rat gene is represented as a single copy.
The vitamin D-dependent intestinal calcium binding protein (ICaBP, 9 kDa) belongs to the family of intracellular calcium binding proteins involved in regulating calcium metabolism (1) . In addition to its presence in the duodenum (2) (3) (4) , it has been detected in other tissues such as uterus (5) and placenta (6, 7) . The protein has two calcium binding sites with each folded in the indicated EF hand structure (1, 8) shared by other calcium binding proteins such as calmodulin and troponin C (1) . The amino acid sequences of porcine (9) and bovine (10) calcium binding proteins have been determined directly from the protein. Furthermore, a partial rat protein sequence has been derived from mRNA (11) or from in vitro translation (12) .
Another 28-kDa vitamin D-dependent calcium binding protein found in chicken intestine has four binding sites for calcium and binds 4-6 mol of Ca per mol of protein (13, 14) . In mammals, the 28-kDa protein is not found in intestine but is expressed in kidney (15) and brain (16) . The amino acid sequence of this protein has also been determined from the mRNA (17) or directly from the protein (18) . A number of other proteins have been reported to be modulated by 1,25-dihydroxyvitamin D3 [1, 2D3] at the level of transcription. This includes the parathyroid hormone (19) , bone collagen type I (20) , c-myc gene (21) , metallothionein (22) , and osteopontin (23) . Nevertheless, the 9-kDa vitamin D-dependent ICaBP is the best characterized of the proteins for its dependence on vitamin D at the molecular level (24) (25) (26) . Although it is believed that 1,25-(OH)2D3 activates transcription of the ICaBP gene through an interaction of the ligand-receptor complex with some specific regulatory elements in the gene in accordance with the other steroid hormones' mechanism of action (27) , no detailed steps involved in this process for 1,25-(OH)2D3 have yet been described. To achieve such an objective, the isolation of the ICaBP gene as a model to study the molecular mechanism of vitamin D action is an obvious task.
We have previously cloned the cDNA of the ICaBP from an intestinal rat cDNA library (28) . The cDNA has 406 nucleotides (nt) with an open reading frame of237 nt encoding79 amino acids. In addition, a genomic clone containing the gene for this protein was isolated (28) . In the present paper, we report the complete nucleotide sequence of the gene and some of its structural features. § By analogy we can suggest a possible regulatory sequence element within the gene that is likely the site ofbinding of the receptor-igand complex. 
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Genomic DNA was prepared from all tissues according to Petropoulos et al. (34) with some modifications. The DNA was extracted with phenol/chloroform and precipitated. The final pellet was dissolved in 10 nM sodium acetate (pH 5.6), sheared, and stored at -70'C. DNA Digestion and Southern Analysis. DNA (10 pug) was digested with an excess of restriction endonuclease (HindIII, 4 units/pg) at 370C for 10-12 hr and fractionated on 0.8% agarose. The DNA was transferred to nylon membranes (Hybond-N, Amersham) and probed with nick-translated cDNA using [a-32P]dCTP for 2 days at 420C as described (4) . The filters were washed in 2x SSC (lx SSC = 0.15 M NaCl/0.015 M sodium citrate) at room temperature for 20 min followed by two washings at 650C for 15 min each. The washing solution was changed to 2x SSC/0.1% sodium dodecyl sulfate (SDS) at 650C for 15 Fig. 2 .
The gene shows an interesting simple sequence of 21 noninterrupted AC repeats followed by 21 noninterrupted AG repeats in the second intron at positions 697-780. Another repeat of 17 A-T pairs is also detected 981 nt downstream from the end of the third exon. Also 3' to the gene there is a stretch of alternate (RY)2A (where R is purine and Y is pyrimidine) observed 649 nt from the gene's end. The sequence of the 5' upstream region reveals the presence of a TATA box at -29, and two CCAAT-like boxes (CCATT) are also observed at -99 and -174, respectively, with some A+T-rich regions. A third CCAAT-like box is also detected at -167 with the GCAAT sequence.
At the start of the first intron a 15-bp imperfect palindrome (AGGTCAGGGTGATCT) is located that shows high homology to the proposed consensus sequence for the estrogenresponsive element described by Maurer and Notides (35) and Martinez et al. (36) and the glucocorticoid-responsive element reported by Scheidereit et al. (37) . The sequence stretches from nt 51 to 65 and its relationship to the estrogen and glucocorticoid responsive elements is shown in Fig. 3 .
The sequences at the exon-intron boundaries are in agreement with the consensus sequences proposed by Sharp (38) .
Determination of the Transcription Initiation Site of the Rat ICaBP Gene. To determine the transcription initiation site, gene primer extension analysis using oligonucleotides complementary to nt 20-39 and 387-406 of the cDNA was performed. Fig. 4 shows that a 38-nt product is detected when the first oligonucleotide was used as primer, while a 405-nt product is obtained when using the second oligonucleotide. The first nucleotide in the previously published cDNA could not be detected in the gene sequence. 
Comparison of the consensus sequences described for the estrogen-responsive (ERE) and glucocorticoid-responsive (GRE) elements to the designated 15-nt sequence in the first intron of the ICaBP gene.
calcyclin reveals a very similar overall gene structure and message size (42) A rat cytochrome P-450 gene inside the first intron and 220 and 380 bp upstream from the cap site (47) . Even longer stretches of dinucleotide repeats are described in the 5' flanking region of the rat prolactin gene (48) . These sequences are located =-150 bp downstream from an estrogen receptor binding site (35) . A stretch of alternate purine and pyrimidine nucleotides is also found 3' to the ICaBP gene. These repeats suggest the formation of a Z-DNA structure (49) at these positions, which might be involved in some type ofregulation ofthe rat ICaBP. Another simple sequence of (AT)17 is also detected =1 kb downstream from the polyadenylylation site, although we do not know the significance of it. Genomic Southern analysis indicates the rat ICaBP gene to be represented by a single copy in the genome, since a major band at =4.0 kb is detected when DNA from liver, intestine, or kidney was digested with HindIII and hybridized to the rat ICaBP cDNA.
The results presented in this paper constitute a major step in the understanding of the molecular steps in vitamin D transcriptional activation of its responsive genes. Due to the isolation of 7.4 and 3.2 kb of 5' and 3' flanking DNA, respectively, to the rat ICaBP gene in the original clone (28) , this will allow us to investigate possible regulatory element(s) for vitamin D in this gene.
During the reviewing process of this paper, Perret et al. reported the isolation and sequencing of the rat ICaBP gene (50) . The results obtained by that group are very similar to the comparable observations in this paper.
